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CLAIMS 



What is claimed is: 




l\ A substrate comprising: 
a ba^e substrate; 

an interfacial bonding layer disposed on the base substrate; and 
a thin film adaptive crystalline layer disposed on the interfacial bonding layer, wherein: 
the interfacial bonding layer is solid at approximately room temperature, and in liquid- 
like form when abow room temperature; 

the thin film adaptive crystalline layer has a degree of flexibility to expand or contract its 
lattice constant along a direction parallel to a surface of the substrate when the interfacial 
bonding layer is in liquid-like form; and 

the base substrate isynechanically strong enough to support the interfacial bonding layer 
and the thin film adaptive crystalline layer thereon. 

2. The substrate or claim 1 5 wherein the thin film adaptive crystalline layer 
comprises approximately the sameVcrystalline lattice structure as In x (Al y Gai_ y )i_ x As 5 wherein x is 
approximately 15% to approximately 45%. 

3. The substrate of clairm 1, wherein the substrate comprises a substrate for 
formation of a vertical cavity surface emir^ing laser based on In x (Al y Gai_ y )i_ x As. 

4. The substrate of claim 3, wherW x is approximately 15% to approximately 45%. 

5. The substrate of claim 1, wherein above room temperature comprises a 
temperature of approximately 80°C to approximates 600°C. 

6. The substrate of claim 1, wherein thinVilm adaptive crystalline layer comprises 
InGaAs with an In composition between approximately v6% and approximately 45%. 
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7. \ The substrate of claim 1, wherein the thin film adaptive crystalline layer 
comprises a compound semiconductor. 

8. \he substrate of claim 5, wherein the compound semiconductor comprises InP, 
GaAs, GaSb, orinAs. 

9. The substrate of claim 1, wherein the base substrate comprises a semiconductor, 
an inorganic material,^ metal, or a combination thereof. 

10. The substrate of claim 9, wherein the semiconductor comprises GaAs, InP, GaP, 

k_7 1 ui VJV, VV11V1V111 111V xiiv/i gum v niuiwiui wvnipi iovj <ju,£j£ji.±±i. v, £/v/i.jr vi Uiumnv i^iij vyj. vviuiuivjj 

and wherein the metal comprises Bi, In, Pb, Sn, Al, Ni, or metal alloy. 



11. The substrate of claim 1, wherein the interfacial bonding layer comprises 
a single layer of the same material,\pr multiple layers of different materials. 

12. The substrate of claim\l0, wherein the single layer of the same material or the 
multiple layers of different materials comprise 

Bi, In, Pb, Sn, Al, or Ni; or 
a metal alloy; or 
inorganic materials. 

13. The substrate of claim 1, wherein {he interfacial bonding layer comprises multiple 
thin metal films, wherein some of the films comprise liquid-like form at a temperature above 
room temperature, and some of the films remaii^ solid at the temperature above room 
temperature. 

14. The substrate of claim 13, wherein the temperature above room temperature 
comprises a temperature of approximately 80°C to approximately 600°C. 
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15. The\substrate of claim 1, wherein the expansion or contraction of the lattice 
constant accommodatbs material epitaxial growth. 

A substrate comprising: 
fk Base substrate layer; and 
an relaxed-strained thin film adaptive crystalline layer bonded to the base substrate layer 
and having a surface in-plane lattice constant different from that of the base substrate layer and 
close to that oVa target material system. 

17. The substrate of claim 16, wherein the in-plane lattice constant is in the same 

xaugc ad mat ui xn x i J rn y vjai- y ^i_ x -ri.a, wiiwiwn a 10 ayyiKj^imai^Ly i_//u iu appi vAimaiv/i^ /u. 



J) 18. The substrate of claim 16, wherein the substrate comprises a substrate for 

nt \ 

;ii formation of a vertical cavity surface emitting laser based on In x (Al y Gai. y )i. x As. 

13 1 19. The substrate of claim 18, wherein x is approximately 15% to approximately 

45%. 




Ill 20. Thet substrate bf claim 16, wherein the thin film adaptive crystalline layer 

: A f \ 

2(h comprises InGaAs having an Ir^ composition between approximately 15% and approximately 
^ 45%. 

21. The substrate of claim\16, wherein the base substrate comprises GaAs, and the 
thin film adaptive crystalline layer comprises In x (Al y Gai_ y )i_ x As. 



25 



22. The substrate of claim 21, wherein x is approximately 15% to approximately 



45%. 



23. The substrate of claim 16, wherein the thin film adaptive crystalline layer 
30 comprises a semiconductor. 
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24. The substrate of claim 23, wherein the semiconductor comprises InGaAsP, GaSb, 
InGaAs, BiGaP, AlGaP, InSb, InP, AlSb, or InAs. 

25. \The substrate of claim 16, wherein the base substrate layer comprises 
5 semiconductor, ail inorganic material, a metal, or a combination thereof. 

26. The\ubstrate of claim 25, wherein the semiconductor comprises GaAs, InP, GaP, 
Si, or Ge. 

10 27. The substrate of claim 25, wherein the inorganic material comprises sapphire, 

poly-crystalline boron nitride, or ceramics. 

jij; 28. The substrate of claim 25, wherein the relaxed-strained thin film adaptive 

j]? crystalline layer is fabricatecMiaving a strained lattice constant equal to a lattice constant of a first 
IS semiconductor substrate on which it is grown, which strained lattice constant has been adjusted 
by bonding the thin ™m adaptive layer to a carrier substrate via an interfacial bonding layer and 
removing the first substrate, and then heating the interfacial bonding layer to liquidize the 
! j I interfacial bonding layer to allow the strained thin film adaptive layer to relax to its unstrained 
\hI s lattice structure to form the relaxed-strained thin film adaptive layer, and then bonding the thin 
W film layer to the base substrate and removing the carrier substrate to expose an epitaxial growth 
surface of the thin film adaptive layer. 



29. A method of forming a substrate for formation of semiconductor devices, 
comprising: 

25 forming a thin film layer having a first lattice constant on a first substrate; 

bonding a first surface of the thin film layer to a surface of a second substrate, via an 
interfacial bonding layer that is solid at approximately room temperature and in liquid-like form 
when above room temperature; and 

removing the first substrate to expose a second surface of the thin film layer, wherein a 
30 target material system having a second lattice constankdifferent from the first lattice constant 
may be epitaxially grown on said second surface of the tnin film layer by heating the interfacial 



Atty.Dkt.Na: PAT004 



PAGE 24 



Applied Optoelectronics, Inc. 



U.S. Express M^^ibel No. ET220251476US 



boAding layer during said epitaxial growth to the liquid-like form to provide the thin film layer 
withMattice flexibility to permit the lattice constant of the thin film layer to adjust to that of the 
target material system during said epitaxial growth. 

30\ The method of claim 29, further comprising, before forming the thin film layer, 
forming an eteh stop layer on the first substrate. 

31. The method of claim 29, further comprising treating the surface of the second 
substrate prior to me bonding. 

32. A method of forming a substrate for formation of semiconductor devices, 
comprising: 

forming a straineM pseudomorphic thin film adaptive layer on a first substrate; 

bonding a first surface of the thin film adaptive layer to a carrier substrate with an 
interfacial bondmte^ayer; 

removing\the first siij)strate by selective etching or lift off and leaving the thin film 
adaptive layer; 

liquidizing the interfacikl bonding layer to allow the strained pseudomorphic thin film 
adaptive layer to relax its unstrained lattice structure; 

bonding the surface of themin film adaptive layer to a second substrate; and 
removing the carrier substrates to expose a second surface of the thin film adaptive layer. 

33. The method of claim 32\further comprising treating the surface of the second 
substrate prior to the bonding. 

34. The method of claim 32, wher^n the liquidizing comprises heating the interfacial 
bonding layer. 




35. An optoelectronic apparatus, comprising: 
(a) a substrateVomprising: 
(1) a baste substrate; 
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(fy an interfacial bonding layer disposed on the base substrate; and 
(3)\i thin film adaptive crystalline layer disposed on the interfacial bonding layer, 

wherein: 

the interfacial bonding layer is solid at approximately room temperature, and in 
5 liquid-like form when above room temperature; 

the thin film, adaptive crystalline layer has a degree of flexibility to expand or 
contract its lattice constant along a direction parallel to a surface of the substrate when the 
interfacial bonding layer is in liquki-like form; and 

the base substrate fs mechanically strong enough to support the interfacial 
10 bonding layer and the thin film adaptive crystalline layer thereon; and 

■(b) an optoelectronic device ■epitayia-ll-y grown on the thin film adaptive crystalline layer. 

36. The optoelectronic apparatus 6f claim 35, wherein the optoelectronic device is a 
|1j semiconductor laser. 

An optoelectronic apparatus, comprising: 
substrate comprising: 

thin film adaptive crystalline layer; and 
aNjase substrate layer, the thin film adaptive crystalline layer bonded to the base 
2$ substrate layer ana having a surface in-plane lattice constant, and wherein the in-plane lattice 
] "~ constant is different from that of the base substrate layer, wherein the thin film adaptive 
crystalline layer comprises a strained pseudomorphic thin film grown on a first semiconductor 
substrate that is bondecmo and transferred to a second carrier substrate, wherein the first 
semiconductorCh^trate is \emoved and the in-plane lattice constant relaxes from an original 
25 strained value t\a new value\lose to an unstrained lattice constant, and wherein the thin film 
adaptive crystalline layer is physically or chemically bonded to the base substrate layer with or 
without an interfacial bonding layerkand 

an optoelectronic device epitax^ally grown on the thin film adaptive crystalline layer. 

30 38. The optoelectronic apparatu^of claim 37, wherein the optoelectronic device is a 

semiconductor laser. 
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